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THE RELATIONSHIP BETWEEN CIRRUS MOVEMENTS FROM EASTERLY POINTS, AND THE OCCURRENCE OF SEVERE 

. 
DROUTHS. 

By GEORGE REEDER, Meteorolcgkt. 

[Dated: Weather, Burmu, Columbl8, Mo., Oct. 29, I9lQ.l 

SYNOPSIS. 

Duri3.q Revere drouths in  summer. and precerlinq them, t!ie cirrifcrm 
clouds sli~)w a pcrsiatent t h m d i  wry sluqish movement. h.:m mstcrly 
points. Thi? drift. rarely is ker rupted-by  the local t~iundarslil.lmery 
thst occaqinnally occur. hut ceases just Iiefnre. or coinciilently with. 
the general rain3 tlist iirelk the drouth. Thring the perild nf t1roiit.h 
and cirriiorin cloud movements from easterly puint.3. the cirri generally 
are few in smount awl thin in structure; and they seem to emporat.e 
snd disappesr quickly. 

The plionnmenon ap ears to he a9snclted with 3 certain type of hich 
pressure. kmwn 39 the budson Bay anticyclone. which moves wutlwrly 
in iwrieq. md. after the apex is over the Lake r g i m  or Ohio \,ridley 
cowrs the esst.ern hall of the United States. These anticyclones appear 
to I,e of esreptionslly great vert.ic;tl extent. 

INTRODUCTIOX. 

The more or less severe summer drouth that periodically 
visits our middle western agricultural Stnt.es, and which, 
in fact, has been uite a frequent visitor to Missouri 
during the present 4 ecade, is one of the most interesting 
and im ortantphenomenonof ourwestem North American 

or causes would, of course, possess great economic signifi- 
cance. As is uite obvious the cause or causes are not 

precede and are associated with severe drouths must 
probably await the application of world-wide meteorology 
and, perhaps, a lar er understanding of the relationshi 

seenu to be a subject worthy of the best efforts of our 
advanced students of meteorology. 

The scientific study of the upper-air currents, however, 
is not possible to the average observer,. because of the 
lack of roper instruments for determimng quantitative 

aper, which deals with upper-air studies, no attempt will 
{e iiiade to treat the subject exhaustively, because, 
though i t  embodies many careful eye observations, the 
data of all quantitative values are lacking. For instance, 
eye observations of the structure of the clouds give us 
but a vague idea of the temperature of the current in 
which they float and no certain value as to height or rate 
of movement, but, on the other h a d ,  the careful 
observer can determine their direction of movement with 
considerable exactness. 

During the severe drouth of the summer of 1911, in 
Missouri, I was impressed by a persistent though ex- 
tremely slow movement of thin cirriform clouds from the 
northeast, east, and southeast, and pointg betweon. 
With such movemenb from abnormal dmctions, hereto- 
fore considered, beginning before and persisting generally 
throughout the period-of drouth, a keen interest was 
aroused that caused a very careful scrutiny of all cirriform 
clouds through the succeedin years. On the whole, 

Missouri, and, except the remarkable series of the present 
decade, do not occur more than once in 10 years. So 
well was this understood that it was a common saying, 
prior to 1911, especially among the a icultural class, 

unheard-of occurrence in h s o u r i .  Closely following 
the drouth of 1911 came the drouths of 1913 and 1914, 

climato P ogy. A satisfactory esplanation as to the cause 

wholly local, 7 l  t e solution of the physical process that 

esisting between t a e troposphere and stratosphere. p"t 

values o J; the several factors involved. In  presenting this 

severe and widespread drout ?l s me not common in 

that two successive summer. severe CE. ouths were an 

and following the wet and cool summer of 1915, came the 
drouths of 1916,1917, and 1918. Rather aserious applica- 
tion from the standpoint of the agriculturist, but a rare 
o portunity for the meteorologist for the coinpilation of 
c P oucl statistics during drouths has been afforded, and 
with the recurrence of the abnormal drift of cirrus clouds 
from easterly points with ea& drouth, there seem to 
be soine definite connection between these two abnormal 
conditions. 

It iniglit be said at  the outset that the entries of cirri 
in our station records of past years do not well sub- 
stantiate the conolusions of this paper, and it is not 
likely that those of other stations will do so. In  the 
first lace, the cirriform clouds of drouth t,imes general1 
are t R in and a few in amount, and might be omitte 
altogetslier by the casual observer. At such times as 
they are present in sufficient amount to attract notice 
ther  rate of moreinent is so sluggish, es ecially when 

period usually given to an observation is much too limited, 
and hence there is a strong tendency on the part of the 
observer to ent>er no direction or to assume $em from 
some westerly point, since that is considered their normal 
direction. menever  cirri are observed to be moving 
unusually slowly it is very probable that they are from 
some direction other than west,erl , thouoh it is true they 
do occasionally move esceedingG f from western 

cirri eFer remain absolutely stationary though at times 
the lack of structure preventa the observer from de- 
termining their direction to a certainty. Frequent and 
careful observations ou ht bo be made of cirriform 

but particularly so in s ring clouds all the year roun$ 
and summer, and entries verified wheneve: possib e by 
the official in charge or a corn etent assistant to the 

effect can bo traced, ut  to actual practice as soon as 

of forecasts of severe and prolonged drouths have great 
economic value. 

8 

moving from some easterly point, that t Yl e 20-minute 

points during periods of clrouth. It s10w2 is oubted whether 

P 
end that That follows may be, if t t e relations of cause and 

possible, because, as a E. eady mentioned, the possibilities 

DISaUSSION OF TABLES. 

Table 1 shows the direction and number of times 
cirriform clouds were observed at the U. S. Weather 
Bureau, University of Missouri, Columbia, Mo., .during 
24 years, 1595 to 1918, inclusive. The observations at 
this station represent days. As only one observation a 
day mas taken (save beginning m t h  the spring and sum- 
mer of 1911 and up to 1918) special observations of 
cirriform clouds were made by the writer; but only one 

for any one direction for one day was made. That 
is, i cirri were observed five or SLY times during the day 
and each observation showed that they were moving 
from the same direction, only one entry was made for 
that day; if the direction chan ed, then each direction 

winter is from the west, or more probab!e if a nephoscope 
had been used, west-northwest. Cirn at this station 
moving from any point save a westerly one in winter are 
a rare occurrence mdeed. Out of 380 observationa only 

was recorded. The prevailing % irection at Columbia in 
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CirriIorm rlouds first ollserveul 
from easterly points. 

- _, __ - . - . - ........ -_ . -. - ... - - 
1911 I In Marrh .......................... 
1912 Xnne observed from rabterly.. 
1913 I In hlav ............................ 
1914 ! 111 May ............................ 
1915 Vone observed from easterly.. 

1917 InJune ........................... 
191s In April ........................... 

1616 I in Jiine ........................... 

..................................... 

15 show a movement from other oints, viz, south 2, 

two times cirri were observed coming froni the easterly 
points were drought gears. 
In spring the preralling directions is from the west, or 

west-southwest. Of a total of 531 observations, all but 
49 show cirri from some westorly oint. Of the 49 from 

ring in drought years. The shift to easterly directions 
becomes more frequent in May. In  Table 1 the sitlc 
marginal notes or reniar1:s on the weather conditions 
refer to State-wide conditions. It may be noticed that 
during heavy or normal precipitation cirri travel steuclily 
from some westerly point, generalp €rom soutliwest or 
west. There is but one exception in this record, i. e., 
May, 1909; but the August following was the driest of 
ita name in 50 years. 

In  summer the prevailiw direction seem to be fTom 
west or west-southwest. 6f tlie total 763 observations 
,811 but 191 were from westerly points. Of the 191 from 
other points, 143 were from easterly directions, and all 
but four occurred durin. drought years. Tmo of thosc 

direc.tion is from the west 

north 8, northeast 1, east 2, an. x southeast 3. The 

other points, 3 i  were from easter Y y directions, 33 occur- 

four preceded the great B rought of 1901. 

during Se tember and Octo % er, and from west-northwest 
in Novem !I er. As during the winter months, onc rarely 

In autumn the prevailin 

observes the cirriform clouds from any other directions 
save westerly in nutunin. Out of 430 observations all 
but 17 were from mestorly points; of these 17, 3 were 
from the northeast and 3 from east or southeast. 

Table 3 consists of special cloud observations, made at 
Columbia, Mo., during the severe drought of the suriininr 
of 1911. This shows that the higher clouds (probably 
above 4,500 meters) very nearly boxed the conipass for 
the period odered; and the breaking up of the drought 
followed the shift of cirri from oltsterly to westerly 
directions or to what usually is considered their normal 
track. There was no nephoscope a t  hand, but the 
observations were taken by the writer, who has been a 
field meteorologist for more than 30 years, and each 
observation was verified by his first assistant. From 
this table we find that from about June 21 to Jul 6, 
1911, a deep easterly wind, probably 5,000 meters g e p .  
was persistent. The surface winds during this time were 
variable but mostly from points east of south. After 
July 8, a deep westerly wind prevailed. The surface 
winds were variable, becomin steady northeast on the 

wide-spread and well-nigh clismtrous, was modified b~ 
good rains on the 9th m d  by fre uent showers there- 
after. The up er current appareniy shifted from enst- 

continued daily, but there were no upper clouds observed 
on the missing dates in the table. It is possible that 
the upper current changed its course on some date when 
there was no cirri. I n  a case like this pilot balloons and 
theodolites would be invaluable. However, i t  has been 
noticed that it requires a day or two for cirri to take 
up their normal movement in the west after traveling 
from easterly point,s. The movement from the east 
always is slow; after resuming the movement from the 
west, the traveling at first is slow-a movement that 
sometimes takes many long minutes to define. 

Table 3 ires the dlrection and number of times cirri- 

Drexel, Nebr.,. Aerolo ical Station. This record repre- 

observations, as a rule, during a da . At this station 

13th, 14th, and 15th. The f rouglit, which had been 

erly to wostery P on the 8th or 9th. The observations 

form clou d s were observed during the time stated a t  

senta observations an % not days, and there were many 

very few illstances are found in whic i! cirri travel out of 

.- 

Last 
ohserved 

July 7 ............. 
Aiig S 
July a1 ............. 
All& 1 

July 4 

Aug. 5 

-- 

- 

. 
their noma1 westerly routes. Out of 3,270 observations 
all but 56 were observed as coming from west,erly point8; 
out of tlie 56, 17 were from eassterly directions; and the 
phenomenon, similar to tho record of Columbia, Mo., 
appears t,o be associat,ecl with spring nnd summer sea- 
sons, and drought years. When coniiiig from eas tdy  
points the winds nru lleep, as indicat.ec1 by intermediate 
cloud niovenients, similar to Table 2 ,  Ckhiiihia. At 
Drescl n deep nort.hewt wind owurrcd on Itarch 26, 
and June 29, 1016; a southeast wind on May 20, 1017, 
aud an east wind on March 83, 1918. Our Columbia 
record shows t,hat in midsummer t,he prevailing direction 
of cirrus clouds is from the west or south of west. The 
rec.ortl at  Dresel shows t,hat t.he clirect,ioii hacks to north- 
west in duly and August,, at  least for t.licse two months 
for the three years indicabecl. 

Table 4 shows that a t  times the upper part of the 
troposphere (the cirrus region) is in a variable stata over 
a rcut area at  the same time. 

5ronght contlitions prevailed in llissouri generally dur- 
ing June, JulJ-. :~nd bhe first seven clq-s of August, 
1.91s. From about, July 20 t.0 August ’7 t,he lack of 
moisture ant1 nccompnnying heat were well-nigh dis- 
astrous to growing crops; but the drought TVRS brokcn by 
good rains on August. 8 aiicl 9, and frequently thereafter. 
It is of iiit.ercst to n0t.s that the “prevailing westerlies,” 
as indicat,etl t,o 11s by t.hn upper clout1 niovciiient, again 
became practically normal just before the breaking of 
the drought nncl cont,inuecl SO, n-it,li but slight int,errup- 
tion, during the reiiinintler of the month. 

That t.hc?re appears to bc. some connection betweon the 
reversing of the upper curront’s usunl enstward move- 
ment and drought. 1s furt,Iier brought, out By the following 
r6sum6 : 

. 

Sulnrquent weather conditions. 

?routll, Ma\. to midJuly. 
Sr.asnna1de iiuumrr. 
l)miith, Map to Srptemlwr. 
Drotitll, Wet dcsson. Ma]. to mid-August. 

Drouth. last week June to d d -  
Drouth July confined mostly to 

Dmuth. last woek Msv to first 

.\UCllht. 

rentrzi Miskouri. 

week Augnst. 
Rainfall June 4-Jiily S, 5? per 

rent Of 8\’erag@ for this period. 

During 1019, cirnis clouds were first ohservd moving 
from the east on May :9, and since this phenomenon 
has been observed at  this st,nt.ion only d u m g  and just 

rior to  periods of drouth, it was beheved there would 
!e diininishing rainfall during the summer. For five 
weeks, from June 4 to July 8 (the dnt,e this paper was 
practically finished) the total rainfall was Z i O  inches, 
or about 52 per cent of die normal amount, as shown 
by the following short table, for the State as 5 whole: 

Date. 1 Rainfall. I Normal. I Departure. 

Jiine4to10 ........................................ I 0.76 1.00 -0.24 
June 11 to l i . .  ..................................... I -0.20 
Jnne 18 to 2.3.. .............................. .......I :::: I !?:; 1 -0.52 

Jiilr 2 to Julv 8.. ................................... I 0.41 1.13 -0.72 
June 24 tu July ..................................... 0.41 1.22 -0.79 

-- 
Total for 5 werks.. ........................... I 2.iO 1 5 . l i  I -2.47 

All investigators in their stmudies of the upper clouds 
have shown that for cirriforni clouds to move from 9 
easterly point is an unusual phenomenon. Espy, IIL 
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4 
2' 

3 
3 

his studies of the easterly motions of the upper current, 
said he had found that the tmie cirrus clouds averaged 
scarcely one a year from an easterly direction, and when 

4 '  6 

:I 3 
2 1  4 
3 1  1 

3 3  4 

5 l  fi 
lS96-9i.. ....... im- g~ ......... 
lS%W.. ....... 
lS '~1900 . .  ..... 

FIG. 1.-Typical prossure distribution nccompanying movement of cirrus cloudc from 
the east. (Morning weather mop, June 21,1911.) 

they did come from an easterly direction it was only 
when tliere was a cyclone of uncommon violence in 
the east. When assigned to the Gulf Coast, years ago, 
1: observed cirrus clouds from the east when tliere was 
a hurricane in the Gulf. Except for this I never have 
known cirrus clouds to come from the east because of B 
cyclone to the eastward. In  my studies of this phe- 

0 n 
0 
0 

nomenon, I have noticed that oyclones seem to affect 
the direction of cirrus clouds only a point or two, studied 
from the latit$ude of Columbia, 110. Ferrel' Writing 
of the movement of the upper current, states that 
cyclonic component was merelv sufficient, for the most 
part, to cause deviat.ions of a few points from the usual 
east,ward course, m(1 rarely sufficient to reverse entirely 
that strong current .mcl give rise to a motion from the 
east. This also is in accordance with Lay's studies of 
the motmion of the upper current. 

I h ~ i ~  ohserved at t.he Columbia station that when- 
ever the upper clouds are seen to he moving from some 
enst,erly point the Ilenomenon aTparontly is associated 

is, the pressure is h*h, when averages are considered, 
over the t,errit.ory east of the Mississippi and relatively 
low west of it. (See fig. 1.)' While it does appear that 
the movoments of the cirriform clouds are to some extent 
<toniinat.ed by B csrt.ain type, Huclson Bay summer anti- 
cyclone, all suiiiiiier ant.icyclones do not have this 
power. The wht.er ant.icyclones, although apparently 
of great, magnitude and influence, do not change the 
[tiroction, so far as my observat.lons go, of the cirrus 
clouds save one or two points. It may he, as observed 
by Ferrel, t,lie easterly mot.ion of the upper current is 
too strrong in wiiit.er tao he reversed by either the ant]- 
cyclone or cyclone, although of p e a t  d@i and ower. 

Summer, as a rule, is the seisqn. when the sudson 
Bay antmicyclones me at their niinmiim.2 But when 
tsliis rule is broken, when anticyclones come out of the 
north in June in series, then widespread and more or 
less sever0 clrouth is rohablo; and the early effects of 
the prevslence of t81:e %uclson ~ a y  summer anticyclonic 
series will be, firstly, a more or less stagnant condition, 
in a comparativo sense, of the upper easterly-flowing 
current, md secondly, the eirrijibm. clouds, generally 
thin. i.n strtict.zwe, slow qf .movement, wall be comzng from 
the enst. Tho phenomena may first be noticed as early 
as March ancl with increased frequency in May. 

with a cert,nin we P 1-iiiarked pressure distribution, that 

.- . . 

I ,I popiilnr t,watisa on the rvinps. New Tork. 181. p. 30s. 
I E. e. Home and R. A. W~~htrnan.  T y p s  of anticyclones of the United States 

and thrlr avrr3Srl movemeutn. AXONTELY WEATHER REVIEW, YurPL. 4, 1917. 
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Direction of &mu or Cirro-strafils clouds at the U. S. Weather Bvrea?l station, Vniiwsity of Missouri', Columbin, Uo. ,  in spring. The prer~ailing 
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semis to bt. w s t ,  or west-soufliiccst. ___ 

I I July. I August. I Remarks. 
' I  (State-wide vonditions.) v.1Nw.I N. j NE.( E. ~sE. !  

June. - 2. 

- 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
1 
0 
5 
0 
5 .* 
0 
3 
0 
3 - 25 

- 

- 
i W. 
- 
0 
1 
3 
3 
3 
7 
4 
10 
10 
5 
0 
1 
1 
0 
0 
2 
2 
8 
0 
0 
0 
2 
1 
1 

58 
- 
._ 

__ 
V. 
- 
1 
4 
2 
1 
5 
4 
2 
2 
3 
5 
7 
8 
6 
4 
1 
3 
3 
6 
5 
3 
3 
4 
3 
6 

DO 
- 
.- 

-- 
E. 8. 

0 0  
0 0  
0 0  
0 1  
0 1  

0 0  
0 0  
0 0  

_ _  

o n  

0 '  0 

0 0  
3 0  
0 1  
4 2  
4 1  
0 1  
2 0  
0 0  
0 0  

13 7 

n o  

-- 

- 

0 0  
0 0  
0 0  
1 0  
0 1  
0 0  
0 3  
0 2  

_. _- 

_ '_ I_  

......... ............. ...... - - - . 

.- - 
Total .....I 9 1 74 is 34 j 7 I :  

Direction of Cimcs and Cirro-stratus c l o d s  at the U. S. Tenther B I I ~ ~ W L  sfation, [hivwsity qf Missortn', Poolulnbia, Bra., i n  aututnn. Thc l ) r a i ~ i ~ ~ n g  
direction sccm to be from the west during Septenabcr and Ortobtr, and fro)n urest-northiile81 in  Xosembfl. 

Remarks. 
(State-wide conditions.) 

October. I September. - 
E. 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

- 

n 

- 
- 

- 
E. 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

1 
- 
- 

- 
I. 
- 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

2 
- 

- 

- 
W 
- 
1 
2 
2 
1 
a 
4 
2 
1 
3 
2 
0 
0 

0 
0 
3 
a 
2 
3 
1 
2 
1 
1 

35 

n 

- 
- 

- 
N. 
- 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
1 

1 

n 

n 
n 
n 

- 
- 

- 
I 

V. i NE 
_I_-. 

:: 8 
11 0 

0 1  n 
XI 0 

0 1  0 

:I : 

08 0 

0 

0 0  

0 1  0 
0 0  

0 0  
0 0  
1 0  
0 0  
0 0  

O ?  

2 . 2  

n o  
-- 
- 

K. !NW. 
-1- 
0 :  0 
11 1 
1 1  1 
n l  1 
1 1  

October dry. otherwlse normal. 
Kenrir normal autumn. 
1)rv F'oplemhr nstra drs nrtoher. 
WGt Peptemhe;ond UoLober. 
A hoiit nnrmal. 

1S95 ............ 

...... ~ 

Nnt unusual. 
Drirr than normal. 
About normal. 

3 
3 
4 
2 
2 
1 
0 
1 
1 
3 
? 
5 
A 
7 

5 
8 

; 
- 

0 
1 
2 
0 
1 
0 
0 
0 
1 
1 
0 
2 
? 
2 
3 
2 
3 
3 - 

am 
- 

Do. 
Cwtnber-Novemher drier than normal. 
Soptember erc.eptlonally wet. 
1)ry t wtober. 
Dry Permternher. 
pry September wet November. 
\vet Korernlxr: 
Wet September, dry November. 
M-et Septembvr. 
Nearly normal. 
September end Oetokr wetter thm 
\vet Septembr drv November. 
!Vet Peptember'and October. 
dry September. 
Dry November. 

I normal. 



OmBER, 1919. 

June 21.. ........................................................... 
June 22. ............................................................ 
June22 ............................................................. 
June 23. ............................................................ 
June% ............................................................. 

MONTHLY WEATHER REVIEW. 

~ ~~ 

Cl.. ............... Few to 1 
Q.. ............... Few to 1 
Ci.Cu ................. ah05 
Ci.. .............. .Few to 1 
A.Cu ................. 4 bo6 

715 

ESE..7:3O p.m.-%30 p. m... .................... 
ESE..945 a. m.-11 a. m.. ...................... 
6E ... -915 a. m.-10:15 a. m.. .................... 
ESE..i:45 a. m.-S:ZO a. m... .................... 
8 E  .... 945a.m.-llS5a.m ...................... 
ESE..G30p. m-7p. m .......................... 
ESE. .ti D. m.430 D. m.. ....................... 

TABLE 2 . 4 p e e i u l  eye-observation of clouds (apprazimately 5,000 to over 10,000 meters elevation) at the U. S. Wmther Bvwu,  University of 1Fiisouri, 
Columbia, Mo., from Junc 21 to July 15, 1911, seuere drought period, being much modified, however, on and ajtm July 9, beginning witlr the ah@ 
of the c im~orm cloud movenients from easterly to .uiesterly direction. 

Hot. Brassy sky. 
Do. 
Do. 
Do. 

w 
WE 11'35a m SW. 
Hot. Brasiv itv. 

Dah, 1911. 

SE.. . .9 3. m.430 4. m. ........................ 
ESE..ll:IOa.m.-ll:l8a.m ..................... 
EBE ..lo d. m.-10:20 8. m.. ..................... 
ESE..lO J. m.-10:30 8. 111.. ..................... 
SE .... ip.m.-7:15 in ......................... 
E8E..i:30 p. m.-S:& p. m. ..................... 
ENE..Op.m.-1030 m ........................ 
SW. ..ti:30p. m.-7:3Bp. m ...................... 
SSW. -10 a. m.-10:30 a. 111.. ..................... 

I Kind and amount in tenths. 

~ ~~ 

Hot dry. . -- . 
E11!35a.m., SW. 
% d%iariog sky. 
Hot and dry. 

DO. 
Clew, sultry, 8. m. 345 

Other conditions, slrg, etc. I Dlreetlan from and tIme obsfmed. 

July 6.. ............................................................ 
July 8.. ............................................................ 
July 9.. ............................................................ 
July 10.. ........................................................... 
July 10.. ........................................................... 
July 10. ............................................................ 
July IO.. ........................................................... 
July 10.. ........................................................... 
July 11.. ........................................................... 
July 11 ............................................................. 
July 11 ............................................................. 
July 12. ............................................................ 
July 13.. ........................................................... 
July 13 ............................................................. 
July 14.. ........................................................... 
July 14.. ........................................................... 
July 15 ............................................................. 
July 15.. ........................................................... 

A. CII ................ .3 to 6 
Ci. St.. .............. .1 to 2 
Ci. Cu.. .............. .I to 3 

Ci. Cu ................ -1 t o  3 
Ci. ................... .1 to 2 
(I. St.. ............. 2 to 4 
('i. St ............... ..4 to 5 
Ci .................... .1 to  2 
C'i.. ............... Few to a 
A. Cu ................. 2 to 4 
A. St  .................. 4 to 7 
A. Cu ................ .2 to 3 
(3. ('ti.. .................. .2 
Ci. Cu .................... -5 
Ci.. ........... . __ .Few to 2 
Ci ................ .Few to 1 
Ci ................... ..2 to 3 
Ti .................... .? to 3 

S W  ... 3::5p.m ................................. 
SW...7 p.m .................................... 
SW. ..Sa. m . 4  a. m.. .......................... 
NNW.9:31 a. m.-11 a. m.. ...................... 
wSW:.12:45 p. m . 4  p. m.. ...................... 
W . .  . .4 p. m. .................................. 
W'PW.O:19 a. m.. ............................... 
~~~ ~~. 

Sultry. 

Me. 
Blue sky. Cumulus. 

Do. 
WSW.955 a. m.. ............................... 
WNW.7:U a. m... .............................. 
WNW.1?:45 p. m ................................ 
NW ... SA5 a. m . .  ............................... 
NW ... 12 noon.. ................................ 

Do. 
l h .  

n-2:16 p.m., W.,and 6 p.m., 
SW. 

April. 

_- . . - - 
0 
4 
6 
30 
47 
48 
31 
9 
1 
0 
0 
0 
0 
0 
0 
0 

NW 

May. 

- 
0 
9 

11 
35 
60 
41 
17 
0 
0 
0 
0 
0 
0 
0 
1 
3 --- 

w 

_ - _ _ - ~ ~ - _ _  
s .................................... 0 ssw sw wsw w 
NW.. 
NNW. 
N.. 
NNE.. 
NE.. 
ENE 
E.. .................................. 0 
EBE ................................. 0 
SE .................................. 0 
SBE. ................................ 0 

WNW 

................................ .................................. ............................... ................................... 
1 1: 

W N W  ............................... I :  67 I x  I :  
............................... .............................. .................................. .............................. ................................ ................................ ' 8  

~- 

0 
0 
6 

M 
53 
49 
45 
0 
0 
0 
0 
0 
0 
0 
0 
0 

WSW 

1 
1 
1 aa 

81 
61 
36 
13 
15 
0 
0 

0 
0 
0 
0 

0 

-- 
0 
0 

16 
41 
96 
I15 
ti3 
9 
4 
0 
3 

4 
0 
0 
0 

n 

19 
42 
0 
0 
0 
0 

0 0 
0 '  0 
0 :  ' 0 
0 :  0 
0 :  0 ---- 

NW ! NW 

29 
17 
I) 
0 
0 
0 
0 
0 
0 
0 
0 

W 
- 

Btatian. N. 

Omaha Nehr ............. 0 
DesNobes IOW3 ......... 2 
Knnsascit;. M O  .......... 7 
Columhis Uo ............. 3. 

Wichita, b u s . .  
Spnngfleld. Mo 
Nashville, T m n . .  ......... 

Springfledi. 111. ........... .......... ............ 1 I 

NE. E . ) B E .  8. BW. W, 
--_______-___ 

o o o n 8 32 
0 0 0 2 2 9 
n. 1 1 4 17 39 
0 0 I) 0 ti 21 

0 0 0 1 2 . 2 3  
0 0 0 22 42 
1 1  4 9 1 1  
0 0 0 16 16 

I I  

-I--_!- 

NW. Station. N. N E . !  E. ) S E .  

17 I)esMoinPs, ~ o w a  ......... I 2 . 1 ' 0 
13 Om*.% Nchr ............. I-.-; 1 i 0 ~ 0 

5. I S W .  W. 

i-- ___ 
0 I 15 M 
0 I 15 2ti 

m.-7 p. m. 
SSW..7:40 a. m.410 a. m.. ..................... .. .8:30 a. m.4  a. m.. ..................... 
SW. ..10:308. m.-11 a. m.. ...................... 

TABLE 3.-Direction of Cim and Cirro-stratus clouds at Drcxcl Aeroloogieal Station, Lat. 41' 20' N., Lon3.96' 16' Ip.; elevation above sea level 596 
meters; from Oct. 22, 1915, to Aug., 1918. 

-- 

Total~. 
I Winter.' Spring3 Summer.' Autumn.' 

-- 
Norem- 

bar. 

Diredim from.] 1 I January. 
l- .- I- - . .. 

July. 

- 
0 

4; 
26 
18 
64 
9 
0 
0 
n 

-. 

October. 

-- 
0 
0 

20 
12 
35 
74 
24 
3 
0 

0 
0 
0 
0 
0 
0 

a 

WNW 

June. 
I_ 

6 
10 
5 

25 
fdl 
31 
25 

t i  
0 
0 
4 
0 
0 
0 
0 

W 

I- 
S... ........ .14 ssw ........ 35 sw.. ...... 173 
WSW ...... 336 w.. ....... 601 
WNW. .... 511 
NW ....... .478 
NNW ..... ..71 
N ........... 25 
NNE ....... .1 
NE .......... 4 
ENE ......... 4 
E. .......... .I 
ESE ........ .0 
RE.. ........ .1 
SSE ......... 3 

0 
J. :I ".? 

3 
3 
38 
1% 
30 
50 
3s 
10 
5 
1 
1 
0 
0 
0 
0 
0 

WNW w ......... 
1 By nephoscope. I Dec., 1915-Feb., 1918. I Mar., 1916-May. 1918. 

TABLE 4.-Nunrhcr of times upper cloiuls ((3.. Ci.St.. or C*x'.C~i..'~ i iwc  ohwrivd inouingjivnz the N. ,  NE., E., etc. 
JANUARY AND FEBRUARY, 1918. 

NW. 

7 
24 
15 
9 

14 
25 

I: 
4 

....... .......... ............ 4 1 2 10 13 

37 ............ 13 17 
.......... 5 hi 
......... 


